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Summary
A yeast class V myosin Myo2 transports the Golgi into the
bud during its inheritance [1]. However, the mechanism
that links the Golgi to Myo2 is unknown. Here, we report
that Ypt11, a Rab GTPase that reportedly interacts with
Myo2, binds to Ret2, a subunit of the coatomer complex.
When Ypt11 is overproduced, Ret2 and the Golgi markers,
Och1 and Sft2, are accumulated in the growing bud and
are lost in the mother cell. In a ret2 mutant that produces
theRet2 proteinwith reduced affinity to Ypt11, no such accu-
mulation is observed uponoverproduction of Ypt11. At a cer-
tain stage of budding, it is known that the lateGolgi cisternae
labeled with Sec7-GFP show polarized distribution in the
bud [1]. We find that this polarization of late Golgi cisternae
is not observed in the ypt11D mutant. Indeed, analyses of
Sec7-GFP dynamics with spatio-temporal image correlation
spectroscopy (STICS) and fluorescence loss in photo-
bleaching (FLIP) reveals that Ypt11 is required for the vecto-
rial actin-dependent movement of the late Golgi from the
mother cell toward the emerging bud. These results indicate
that the Ypt11 and Ret2 are components of a Myo2 receptor
complex that functions during the Golgi inheritance into the
growing bud.
Results and Discussion
Ypt11 Binds to Ret2 with High Affinity
To identify novel proteins that may function with Ypt1, we per-
formed a suppressor screening of an YPT1 mutant and identi-
fied Ret2 as a candidate binding protein of Ypt1. Ret2 is one of
seven coatomer subunits that generate COPI vesicles [2]. We
next tested with GST pulldown assay whether Ret2 binds to
Ypt1 as well as other Rab-family proteins. Although we con-
firmed the weak interaction between Ret2 and Ypt1, we unex-
pectedly found that Ret2 binds to Ypt11 with high affinity. Be-
cause another subunit of the coatomer, Sec21, was also
*Correspondence: anoday@mail.ecc.u-tokyo.ac.jpdetected in the bound fraction, we speculated that Ret2 may
associate with Ypt11 in a coatomer complex. We observed oc-
casional binding of Ret2 to Ypt6, Ypt32, and Sec4 (Figure S1
available online), but the results were not consistent. The asso-
ciation of Ret2 with Ypt11 was also confirmed by coimmuno-
precipitation analysis (Figure S1).
Overexpression of YPT11 Causes Polarized Localization
of the Golgi to the Bud
The pulldown assay revealed a novel interaction of Ypt11 and
Ret2. Interestingly, it was reported that Ypt11 binds to Myo2,
the yeast essential type V myosin, and that a complex forma-
tion between Ypt11 and Myo2 facilitates transmission of mito-
chondria into the growing bud [3, 4]. Because transport of
Golgi to the daughter cell is an essential process for its inher-
itance, we speculated that Ypt11 may be involved in the trans-
port of Golgi via its binding to Ret2. To explore this possibility,
we tagged chromosomal RET2 with GFP and examined the
localization in ypt11D cells (a ypt11-deficient strain carrying
a empty vector), YPT11 cells (a ypt11-deficient strain carrying
a low-copy YPT11 plasmid), and also in ypt11-deficient cells
conditionally overproducing Ypt11 under a control of GAL1
promoter. In the YPT11 cells, Ret2-GFP was localized to the
punctate structures (Figure 1A), which were most probably
the Golgi structures, as reported for other components of the
coatomer complex [1]. Deletion of the YPT11 gene did not af-
fect the punctate localization of Ret2-GFP (Figure 1A). We then
examined whether overproduction of Ypt11 by the GAL1 pro-
moter affects the subcellular localization of Ret2-GFP. After
2 hr of galactose induction, Ypt11 displayed polarized localiza-
tion in the growing bud as reported [3] (Figure 1B). Ret2-GFP
dots were observed evenly between the mother and the
daughter cells at the start of the galactose induction (data
not shown), but after 2 hr of galactose induction of YPT11,
Ret2-GFP became polarized in the daughter cells (Figures 1A
and 1B). A count of cell numbers having polarized distribution
of Ret2-GFP showed that as much as 80% of the cells whose
bud area were categorized to 0.4–0.6 of the mother cell area
displayed polarized accumulation of Ret2-GFP (Figure 1C).
We subsequently examined the effect on the localization of
Ret2-GFP of overproduction of Ypt11G40D, the mutant form
of Ypt11, which lacks binding ability to Myo2 [3] without losing
affinity to Ret2 (data not shown). In contrast to the wild-type
Ypt11, the mutant Ypt11 evenly distributed in the mother and
daughter cells [3] (Figure 1B). Consistently, Ret2-GFP-positive
structures in the YPT11G40D cells were found almost equally in
the mother and the daughter cells after induction of Ypt11G40D
(Figure 1B). To ensure that the accumulated structures in the
daughter cells were the Golgi membranes, we also examined
the localization of an early Golgi marker, Och1 [5, 6], and
a late Golgi marker, Sft2 [7, 8]. In the YPT11 cells, both marker
proteins displayed punctate distributions as reported [6, 7],
and their distributions were similar in the ypt11D cells (Figures
S2A and S2B). When Ypt11 was overproduced, both Och1 and
Sft2 were accumulated in the daughter cells (Figures S2A and
S2B). These distribution profiles (Figure S2C) predominantly
resembles to those of Ret2 (Figure 1C). Overexpression of
YPT11G40D had no effect on the distribution of Och1 and Sft2
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did not have any effect on the distribution of endosomes
(Figure S3), which are thought to be composed of similar mem-
brane proteins as the late Golgi membranes, and such a finding
implies the specific function of Ypt11. Thus, overproduction of
Ypt11 causes the polarized accumulation of both the early and
late Golgi in the bud, and it appears that this is dependent on
the interaction between Ypt11 and Myo2.
Overexpression of YPT11 in a Novel ret2 Mutant Defective
in Binding to Ypt11 Does Not Cause Polarized Distribution
of Golgi-Localized Proteins to the Bud
We next examined whether binding of Ypt11 to Ret2 is impor-
tant for the observed phenotypes caused by overexpression of
YPT11. Because Ret2 is encoded by an essential gene, we first
generated the temperature-sensitive alleles of RET2 and
screened for mutants that produced an altered Ret2 protein
with reduced affinity to Ypt11 by using both GST pulldown as-
say and immunoprecipitation experimentation (Figures 2A and
2B). After the screening, we isolated a mutant, ret2-u1. Al-
though overexpression of YPT11 was severely inhibitory to
the growth of the RET2 strain [3] (Figure S4), overexpression
of YPT11 in the ret2-u1 mutant did not inhibit their growth
(Figure S4). The Ret2-u1 protein displayed a normal scattered
Golgi pattern that was indistinguishable from that of the Ret2
protein, suggesting that association of Ret2-u1 with other
components of the coatomer and with Golgi membranes are
normal (Figure 2C). Actin distribution was also normal in the
ret2-u1 mutant, indicating that the actomyosin-based cell
Figure 1. Effects of Overexpression of YPT11 on the Subcellular
Localization of Ret2-GFP
(A)RET2 was tagged at its C terminus with GFP in the genome of
the ypt11D strain, which was then transformed with various plas-
mids (see Supplemental Experimental Procedures and Table
S1). When YPT11 was expressed from theGAL1 promoter (right-
most two panels), cells were fixed after 2 hr of galactose induc-
tion.
(B) Fluorescence images of Ret2-GFP in ypt11D strains express-
ing 33 HA-Ypt11 (upper panels) or 33 HA-Ypt11G40D (lower
panels) on a CEN plasmid under the control of the GAL1 pro-
moter are shown.
(C) Quantification of cells with polarized Ret2-GFP in the bud.
Cells that displayed a clear concentration of Ret2-GFP in the
bud in the same four strains used in (A) were scored. Cells
were categorized on the basis of the ratio of cross-sectional
areas of daughter cells to the mother cells, and at least 30 cells
for each bud size category were examined for the Ret2-GFP
localization pattern. Scale bars represent 5 mm.
polarity is not impaired. We next examined the sub-
cellular localization of Ret2-u1-GFP in cells overex-
pressing YPT11 and found that, unlike Ret2-GFP,
Ret2-u1-GFP remained distributed almost evenly be-
tween the mother and the daughter cells (Figure 2D).
Also, upon overexpression of YPT11 in the ret2-u1
mutant, the Golgi marked with GFP-Sft2 was not ac-
cumulated in the bud (Figure 2D), although Ypt11 dis-
played a polarized localization pattern in the ret2-u1
mutant as in the wild-type RET2 strain (Figure 2D).
These observations suggest that binding of Ypt11
to Ret2 is indeed required for the polarization of the
Golgi in the bud upon overexpression of YPT11 and
that Ret2 functions as a binding partner of Ypt11 on
the Golgi in transport of the Golgi cisternae toward
the bud. It is also suggested that severe growth inhibition
caused by YPT11 overexpression is a result of accumulation
of the Golgi in the growing bud.
Ypt11 Is Required for Active Transport of Sec7-GFP
to the Bud
Glick’s lab reported that yeast late Golgi visualized by Sec7-
GFP is transported to the incipient bud site in an actin- and
Myo2-dependent manner [1]. They also showed that Sec7-
GFP displays a change in localization depending on the stages
of the cell cycle and that distribution of Sec7-GFP resembles
to that of actin throughout the cell cycle, suggesting that
late-Golgi dynamics may be coupled to those of actin cyto-
skeleton. We thus expected that, if Ypt11 is involved in linking
the Golgi membranes to the actin cytoskeleton via interaction
with Ret2 and Myo2, deleting the YPT11 gene should cause
segregation of the late Golgi from actin structures at certain
stages of the cell cycle. In wild-type and YPT11 cells, clear
concentration of Sec7-GFP at the incipient bud site and in
the growing bud was observed as reported previously (Figures
3A and 3B). Concentration at the sites of cytokinesis was also
observed (Figure 3B). In contrast, in the ypt11D cells, no polar-
ized localization in the bud was observed and instead, punc-
tate dots labeled with Sec7-GFP were distributed evenly
throughout the mother and daughter cells (Figures 3A and
3B). Introduction of a mutant form of YPT11, ypt11G40D, which
encodes a mutant Ypt11 that lacks ability to bind Myo2 [3],
could not restore the polarized localization of Sec7-GFP in
the bud (Figures 3A and 3B). Quantification of localization
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989patterns indicates that polarized localization in the bud is ob-
served frequently in small to middle-sized buds of the YPT11
cells but is rarely seen in ypt11D and ypt11G40D mutants in
any bud-size categories (Figure 3B). Interestingly, concentra-
tion at the sites of cytokinesis was still observed in ypt11D
and ypt11G40D cells (gray bars in Figure 3B). Also, in the ret2-
u1 mutant, Sec7-GFP was distributed evenly throughout the
bud and the mother cell rather than concentrated in the grow-
ing bud (Figures 3C and 3D). All of these microscopic observa-
tions were consistent with our prediction that Ypt11 functions
as a physical link between the Golgi membranes and Myo2 for
the efficient translocation of the Golgi to the bud.
We then compared the dynamics of the late Golgi in YPT11
and in ypt11D strains by measuring displacement of the Golgi
cisternae labeled with Sec7-GFP in time-lapse movies with
a high-aperture lens (see Supplemental Experimental Proce-
dures). In YPT11, bud-directed vectorial movements of Sec7-
GFP within the mother cell were frequently observed (Movie
S1). This is in good agreement with the reported dynamics of
Sec7-DsRed in Pichia pastoris [9]. Most of those bud-directed
movements were along the periphery of the cell. In contrast,
this vectorial movement was nearly abolished in ypt11D cells
and in the YPT11 cells treated with Latrunculin A (Lat A)
(Movies S2 and S3). When velocities of the Golgi displacement
in YPT11 cells were calculated by tracking the mobile cister-
nae, we found that the values were in a range of 95w319 nm/
s with a median of 221 nm/s (Figure 4B). This value is similar
to those of class V myosin on the actin cables measured in vi-
tro (287 6 22 nm/s [10]), actin-, and Myo2-dependent move-
ment of yeast vacuoles (100w200 nm/s [11]), and peroxisomes
(w450 nm/s [12]), supporting a notion that observed move-
ment of the late Golgi toward the bud is also driven by Myo2
that used actin cables as tracks.
To obtain statistical information of the Golgi movements, we
applied the STICS (spatiotemporal image correlation spec-
troscopy [13]) analysis. Figure 4A shows vector maps created
from the Movies S1, S2, and S3 with STICS analysis. Figure S5
shows another set of vector maps created from different
movies. In the vector maps of the YPT11 strain, vectors point-
ing toward the bud region are predominantly aligned, thereby
indicating that there is a directed motion of fluorescence to-
ward the bud. The approximate velocities (indicated by the
color of the vectors) match well with the data calculated by
tracking the bud-directed movements (Figure 4B, see Supple-
mental Experimental Procedures). In contrast, velocity vectors
in the maps of ypt11D andYPT11 cells treated with Lat A do not
point to any specific directions, indicating that there is no di-
rected motion, i.e., motion of the late Golgi is random.
Quantitative analysis by FLIP (fluorescence loss in photo-
bleaching) experiments with the same strains strongly sup-
ported these conclusions. In this assay, decay rates of total
fluorescence in the mother cell were measured upon repeated
photobleaching of the daughter cell. Ten different cells were
subjected to the FLIP analysis, and the means of the measure-
ments were plotted as a function of time. The measurements
(Figure 4C) apparently fit well to two-phase exponential-decay
model (solid lines), suggesting that the transport of Sec7-GFP
to the bud is composed of two distinct processes. In these fits,
we assumed that the fast component (rate constant, k2) is
shared in all the cells and is probably derived from the soluble
fraction of Sec7-GFP that are freely diffusible in all conditions.
The obtained rate constants (k1) of the slow component, which
is most probably due to the mobile Golgi structures, provide
two important information. First, transport of Sec7-GFP to
the bud in ypt11D was greatly delayed when compared to
YPT11 (the halftime of loss of fluorescence in ypt11D and
YPT11 is 148 s and 79 s, respectively). This is consistent with
the results of STICS analysis that indicates the absence of
bud-directed flow in ypt11D cells. Second, Lat A treatment
has no effect on the decay in ypt11D cells (148 s in the absence
of Lat A versus 144 s in the presence of Lat A), strongly indicat-
ing that actin-dependent movement is severely compromised
Figure 2. Overexpression of YPT11 in Yeast
Bearing a ret2-u1 Mutation Fails to Cause Polar-
ized Localization of the Golgi
A GST pulldown assay (A) and immunoprecipita-
tion (B) confirmed that Ret2-u1 has reduced
binding activity to Ypt11. A shown in (C), localiza-
tion of Ret2-GFP or Ret2-u1-GFP expressed from
its own promoter in the genome was examined.
Actin distribution in the RET2 or ret2-u1 strain
was visualized with Alexa594-phalloidin. As
shown in (D), localization of 33 HA-Ypt11 over-
produced in the RET2 or ret2-u1 strain was also
examined. Localization of Ret2-GFP or Ret2-u1-
GFP expressed from its own promoter in the ge-
nome was examined in a ret2D ypt11D strain con-
taining a plasmid in which 33 HA-YPT11 is
placed under the GAL1 promoter after 2 hr of ga-
lactose induction. Similar experiments were per-
formed so that localization of GFP-Sft2 ex-
pressed in a ret2D ypt11D strain that contains
a plasmid carryingRET2 or ret2-u1 and a plasmid
for the overproduction of 33 HA-Ypt11 from the
GAL1 promoter could be examined. Scale bars
represent 5 mm.
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990Figure 3. Polarized Distribution of Sec7-GFP Is Abolished by Deletion of the Gene Encoding YPT11
(A) SEC7 was tagged with three tandem copies of GFP at its C terminus in the genome of the wild-type strain (WT) or ypt11D strain. The latter strain was
further transformed with an empty vector (ypt11D), a CEN plasmid containing YPT11 (YPT11), or a CEN plasmid containing ypt11G40D (ypt11G40D).
(B) Quantification of distribution patterns of Sec7-GFP in the same strains used in (A). Cells with buds were categorized on the basis of the ratio of cross-
sectional areas of daughter cells to mother cells, and at least 50 cells for each bud-size category were examined for the Sec7-GFP localization pattern.
(C) Sec7-GFP was observed in ret2D cells carrying the RET2 or ret2-u1 gene on a CEN plasmid. Scale bars in (A) and (C) represent 5 mm.
(D) Quantification of distribution patterns of Sec7-GFP in strains used in (C) was performed as in (B).in ypt11D cells. The same treatment markedly reduced the de-
cay in YPT11 cells (from 79 s in the absence of Lat A to 116 s in
the presence of Lat A), providing further evidence for actin de-
pendency of the Golgi movements in YPT11. We also per-
formed similar experiments in the ret2-u1mutant and obtained
results that showed impaired bud-directed movements of the
late Golgi in this mutant (Movies S4 and S5 and Figure S6).
These analyses, together with the results of STICS analysis, in-
dicate that Ypt11 is directly involved in the actin-dependent
transport of the late Golgi toward the bud.
Conclusions
A previous study [1] has reported that in budding yeast, the
Golgi transport during their inheritance by the growing bud is
dependent on actin cytoskeleton and the Myo2 motor. How-
ever, the molecule that links Myo2 and the Golgi membranes
was not identified. In this study employing methodologies of
genetics, biochemistry, and dynamic analyses, we provide
conclusive evidences that Ret2 and Ypt11 function as
a Myo2 receptor complex in an actin-dependent directional
transport of the Golgi into the bud. At the same time, our re-
sults show that yeast coatomer has a distinct function besides
generating COPI vesicles for the retrograde transport. Previ-
ously, it was reported that Ypt11 is involved not only in mito-
chondrial inheritance [3, 4] but also in ER inheritance [14, 15].
We also observed the accumulation of mitochondria in the
bud when Ypt11 was overproduced (data not shown). Wealso confirmed the ER distribution defects caused by deletion
or overexpression of YPT11 with GFP-Lip1 as an ER marker
(data not shown). However, in the myo4D mutant, in which
ER inheritance is decreased [14], distribution patterns of the
late Golgi labeled with Sec7-GFP was normal (data not shown).
Therefore, we conclude that the observed Golgi distribution
defect in the ypt11D cells is not a consequence of an ER inher-
itance defect.
Supplemental Data
Experimental procedures, five figures, two tables, and five movies are
available at http://www.current-biology.com/cgi/content/full/18/13/987/
DC1/.
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Figure 4. STICS and FLIP Analyses of the Late
Golgi Labeled with Sec7-GFP
(A) Vector maps created by STICS from Movie S1
(YPT11), Movie S2 (ypt11D), and Movie S3 (YPT11
treated with Lat A) are shown. The bars below im-
ages represent the color-coding for the velocity
vectors. Scale bars represent 5 mm.
(B) A scatter plot of displacement velocities of the
late Golgi labeled with Sec7-GFP in YPT11. Cis-
ternae that showed an apparent bud-directed
movement for at least 40 successive frames (4 s)
were chosen (12 cisternae from 10 different cells),
and we measured velocities by tracking the mo-
tion frame by frame with SpotTracker.
(C) A result of the FLIP experiment. Normalized
intensities of the mother cell area of each cell
were plotted as a function of time. The means
with error bars (95% confidence intervals) of ten
measurements are shown. Solid lines represent
the fit of a two-phase exponential-decay form,
F(t) = A exp (2k1t) + B exp (2k2t) + C. The halftime
of loss of fluorescence is also indicated in the
parenthesis in the vertical columns.
